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SUMMARY

An investigation of the aerodynamic characteristics of a wing
equipped with a 50-percent-chord sliding flap and a 30-percent-chord
slotted flaep operating in the slipstreams of two large-dismeter pro-
pellers has been conducted in the Langley 300 MPH 7- by 10-foot tunnel.

Large tunnel-wall effects for which there are no known correction
methods were encountered in the tests. However, because of the current
interest in and general scarcity of data applicable to aircraft designed
for vertical take-off and landing (VIOL) and for short take-off and
landing (STOL), the results (uncorrected) are presented herein with only
limited discussion. It was observed, however, that stalling would occur
in conditions epproaching steady level flight at high-power conditilons,
but that a leading-edge slat effectively delayed this stall.

INTRODUCTION

An investigation of the serodynsmic characteristics of wing-
propeller combinations that may be spplicable to aircraft designed
for vertical teke-off and landing (VIOL) and short teke-off and
landing (STOL) is being conducted in the Langley 300 MPH T7- by 10-
foot tunnel. The aserodynamic characteristics at low forward speed
of a wing-propeller combination without flaps (tilting-wing configura.-
tion) at angles of attack up to 90° is reported in reference 1. Refer-
ences 2 and 3 report the characteristics of this same model equipped
with plain and slotted flaps, respectively.
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In the present-investigetion the aerodynsmic characteristics of a
semispan-wing model egquipped with a 50-percent-chord sliding flap, a
30-percent-chord slotted flap, a 30-percent-chord leading-edge slat,
and two large-dismeter propellers have been investigated. The charac-
teristics of this model at zero forward speed are reported in reference L.

SYMBOL.:S

When a wing is located in the slipstream of a propeller, large
forces and moments can be produced even though the Tree-stream velocity
decreases to zero. For thls condition, coefficilents based on the free-
stream dynamic pressure approach infinity and become mesningless. It
appears approprlate;—therefore, to base the coefficlents on the dynamic
pressure in the glipstream. The coefficlents based on this dynamice
pressure are indicated in the present paper by the use of a double prime.
The relations between the thrust and the dynamic préssure snd velocity~
in the slipstream have been derived 1n reference 1. The positive sense
of forces, moments, and angles is Indicated in figure 1. The pitching
moments are presented with reference to the center of gravity shown in
figure 2. =

B number of propeller blades
b twlce span of semispan wing, ft
b T5R propelier blade width at—75-percent-radius station, ft
. _ - Lift
C 1ift coefficient
L > g8/?
o v 1ift coefficient, =iit -
L ’ 1"
q"s/2
Cp "~ pitching-moment coefficient, _MY
acs/2
Cp" pltching-moment coefficient, -—Ez——
m "=
q"gs/2
Ch.o pitching-moment coefficient of propeller, ———2=_
}P ) q_"ES/2
CN,p" normal-force coefficient of propeller, é":Pz
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CP power coefficient, 2nnq
pn,3D5
T
Cp thrust coefficient, 2Du
pn
Fy
Cx longitudinal-force coefficient, ——
qs/2
Cy" longitudinal-force coefficient X
X __ 7 q"s/2
T." thrust coefficient, I
qn?_t_Dz
)y
T, nom" nominal value of thrust coefficient (taken as the average
’ value at low angles of attack)
c wing chord, ft
b/2
c mean aerodynemic chord, % Jf cedy, £t
0]
cg slat chord, ft
D propeller dlameter, ft
L 1ift, 1b’
MY pitching moment, £t-1b
MY D propeller pitching moment, ft-1b
2
Np propeller normal force, 1b
n ] propeller rotational speed, rps
Q torque, ft-1b

q free-stream dynamic pressure, % pV2, 1b/sq £t
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q" slipstream dynamic pressure, gq + - ig, ;b/sq ft
L

S twlce area of semispan wing, sq ft——
T thrust per propeller, 1b
v free-stream velocity, ft/sec
FX ) longitudinal force, 1b
o angle of attack, deg
B.75R propeller blade angle at—75-percent-radius station, deg
o] surface deflection, deg
P mass density of air, slugs/cu ft

y Bb, 75R -
g propeller solidity, 075D
Subscripts: : L e = i
50 50-percent-chord sliding flap N
30 30-percent-chord slotted flap ;
i inboard propeller: . I = -
o) outboard propeller -
s slat
h horizontal tail -
T flap

MODEL AND APPARATUS

A semispan-wing model of & hypothetical four-propeller airplene was
used in the present lnvestigation. A drawing of the model wilith perti-
nent dimensions 1s presented as figure 2, and a photograph of the model
mounted for testing is shown in figure 3. The principal geometrilc char-
acteristics of the model are given in the following table:

—a



NACA TN 3918 5

Wing:
Area (semispan), s £t . . « . ¢ « v 4 4 i i 4 e e e e e e e 55
Semispan, Tt . ¢« ¢ & ¢ o 4 v 4 4 e e e e e e e e e e e e e e 3.67
Mean serodynamic chord, £t . . . . . . . . . . 0 0L 00 e . 1.51
Aspect T8EI0 + v v vt i e e e e e e e e e e e e e e e e e e 4.89
Taper T8EI0 « v ¢ « &+ & o &+ o 4 4 o 4 e e e e e e e e s s . 0.8
Afrfoil section « « & ¢ ¢ 4 4 e 4 v+ e « v e « 4« + « « o NACA hhis
Horizontel teil:
Area (semispan), sq £t . . . . . . . . . ¢ i 4 i v e e . ... 1.65
Semispan, £ . . ¢ . ¢ ¢ 0 L 0 0 0 e e d il h d d e e e e e .0
Mean aerodynamic chord, £t . . . ¢ « ¢« v v 4 ¢ o ¢« « 4 0 e 4 . .83

0]
Aspect 7at10 ¢ . 4 v h i i h e i ke e e e e e e e e e e s e .k
Taper TAEI0 « « ¢« v 4 & 4 o 4+ 4 e s e e e e e e e e e ... 0.66

0]
3

Alrfoll section . . . e o e s s s s o s s s« o« « « NACA 12

Tail length_(from,c/h of wing to &/4 of tail), £t . . . . . . .76
Propellers:

Diameter, £t . . . « ¢ ¢« v ¢ ¢ @ et v et e e e e e e e e e 2.0

Airfoil section . . . . . c e s o s e 2 e e s e s s o 2 . Clark Y

Solidity (per propeller), 0 .+ « « + « o « o o = « « « « « « . 0.07

Number of blades . + ¢ ¢ ¢ ¢ ¢« ¢ o o ¢« o o o o s o o = o o s 3

The ordinates of the slotted flap were derived .from the slotted
flap 2-h of reference 5 and are presented in table I along with a sketch
of the profile of the sliding flap. The cross section of the leading-
edge slat i1s also shown in table I. For these tests the upper surface
of the wing was not modified as 1t would have toc be in a practical appli-
cation in order to retract the slat; however, it is believed that this
difference would have only a small effect on the results. The end plate,
which was installed for all these tests, was made of 1/16-inch aluminum
and is shown in figure 4. It was located 10.3 inches outboard of the
center line of the oubtboard propeller.

The propellers were driven by variable-frequency electric motors
from a common power supply. The speed of each propeller was determined
by observing stroboscopic-type indicators to which were fed the output
frequencies of small alternators connected to each motor shaft. Because
the propeller blade angles were adjusted to give the same thrust from
both propellers at zero angle of attack, their rotational speeds were
usually matched within 10 rpm. The outboard propeller rotated against
the tip vortex (right-hand rotation on right wing as tested) and the
inboard propeller rotated in the opposite direction.

The motors were mounted inside nacelles through strain-gage beams
(as shown in ref. 1) so that the thrust and torque of each propeller
could be measured. The inboard nacelle was equipped with additional
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instrumentation so that the propeller normel force and piltching moment
could also be meagsuréd. The total model 1ift, longiltudinal force, and

TESTS

The investlgation was conducted in the Langley 300 MPH T7- by 1l0-
foot tunnel. The tests were made at various free-stream dynamic pres-
sures and propeller thrusts so selected as tv malntain a dynamic pres-
sure of about 4.8 pounds per square foot—in the slipstream. The tests
with the propellers off were also run at a dynamic pressure of 4.8. The
desired thrust was obtained on both propellers at zero angle of attack
by appropriate adjustment in the propeller blade angles and the thrust
of the inboard propeller was held constant throughgyt the angle-of-
attack range. Because of different inflow conditions, the thrust of the
outboard propeller varied.slightly from the desired value at angles of
attack other than zero.

The Reynolds number in the sl6pstream, based on the mean aerodynemic
chord of 1.505 feet;was 0.62 x 10

In order to minimize the time required for the tests, the operating
conditions were chosen s¢o that only two propeller bhlade-angle settlngs
were required. A blade angle of aboub wag used for tgsts et the
higher thrust coefficients, and a blade angle of sbout 20° was used for
the lower thrust coefficients.

TUNNEL-WALL EFFECTS AND CORRECTIONS

Large effects of the tunnel walls on the data were encountered
during the tests. These effects are shown in figure 5 where the data
obtained at zero forward speed in the tunnel are compared with the
results obtained from tests in a large room (ref. 4). The tests in the
tunnel were made with a curtain suspended in the diffuser of the tumnnel
so as to prevent the propellers of the model _from setting up a recircula-
tion of air in the tunnel: 1In addition, the doors into the tunnel (imme-
diately downstream of the test section) were open to preventa circula-
tion from belng set up within the test—section.

The effectS“of.ihe tunnel-wall restrlctions have been determined
only for the case of zero forward speed (Tc" = 1.0) and for the flap

deflections shown in figure 5, but they are probably also present to an
unknown extent at other thrust coefficients and at lower flap deflections
(particularly at high angles of attack}. Procedures for correcting for
these effects are not known.
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The power-off data and the data for low angles of attack and low
flap deflections (power-on) are probebly not sppreciasbly influenced by
these effects. Normal potentiel-flow corrections for the effect of the
constraint of the tunnel walls and the blockage of the model have been
applied by the methods of references 1, 6, and 7. In determining these
corrections only the aerodynamic forces were used. (Direct propeller
thrust was subtracted from the data.)

TTON OF RESULTS

The results of the investigation are presented in the following
figures: ’

Ficures

Tunnel-wall effects at T," = 1.0 . . . . . « . . .« . . .. 5
Data with propellers and nacelles off:
Effect of flap deflection (slat off) . . ¢« ¢ « + ¢« « « « . 6 to 8
Effect of 81lat . . ¢ & ¢« ¢« 4 ¢ ¢ v v o i ke e e e e e e . 0. 9
Effect of slipstream:
Flaps neubral . . ¢ ¢ ¢ ¢ ¢ o t o o o o = o o o o o o o o 10
Flaps deflected . ¢« &+ « ¢« o ¢ & s o s o« o= s s s o o« o« » » 11 and 12
Effect of slat . . ¢« ¢ ¢ ¢« ¢ ¢« ¢« ¢t ¢ « ¢« o s s o 2 = s+« 12 8and 13
Effect of stabilizer . « v v v v « « = « « « = « = « « « « 14 to 16
Propeller characteristics . . . . . ! . . . .. . .« . .. 17 and 18
DISCUSSION

Because of the current interest in flight at very low speeds and
the general scarcity of data of the type obtained in this investigation,
the test results are presented herein, although it 1s known that the
data include large tummel-wall effects. No detailed discussion is pre-~
sented; however, two results of the investigation should be noted.

Although the wing is almost completely immersed in the slipstreams,
the data indicate that, with the slat off, stelling would be encountered
in steady level flight or in conditions approaching steady level flight.
This result is indicated for the wing with the flaps neutral in fig-
ure 10(e). On this plot Cy" = O indicates steady level flight, nega-

tive values of Cy" 1indicate decelerating or gliding flight, and posi-
tive values of CX" indicate accelerating or climbing flight. For the
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three highest thrust-coefficient conditions tested, maximum 1ift was
encountered at positive values of Cy". At Cy" =.0 (steady level

flight), the drop in 1ift indicates that the ving 1g stalled.

With the rear flep deflected (fig. 11(e)) the stall is delayed
somewhat but 1s more severe. With both flaps deflected (fig. 12(e))
the data indicate that level flight could be achieved without the wing
stalling; however, in order. to make a landing approach, Cy" must be

negative and under these conditions the wing would stall violently.

Adding the leading-edge slat (fig. 13(e)) effectively delays the
stall. No attempt-was mede to determine an optimum slat configuration
for stall control. The slat arrangement used was chosen for good
pitching-moment and ground-effect characteristics in hovering flight.

An examination of the pitching-moment data at low forward speeds
(figs. 12, 13, 15, and 16) indicates that; with the incidence settings
used herein, the flow on the horizontel tail is stalled on the lower
surface. The pltching-moment data with the horizontal tail on, therefore,
are not representative of what could probably be obtained with a complete
configuration, but-are included because they are believed to be of
general interest and because the slat-effectiveness data are also shown

in these figures.

CONCLUDING REMARKS

Stalling was observed to occur on a wing equipped with a 50-percent-
chord sliding flap and s 30-percent-chord slotted flap operating in the
slipstream of two large-diemeter propellers in conditions approaching
steady level flight-at high-power conditions; however, this stall was
effectively delayed by the addition of a leading-edge slat.

Large tunnel-wall effects for which there are no known corrections
were encountered.

Langley Aeronsutical Leboratory, _.
National Advisory Committee for Aeronautics,

Langley Field, Va., October 23, 1956.
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TABLE I
WING, FLAP, AND SLAT ORDINATES 25, Gs
%\\J T
e ——— | 23¢
- 47¢ — L
Hinge line
.30c¢ |
Slotted-flap ordinates . Slat ordinates
Ordinate, fraction of wing chord Station Ordinates, fraction of
Station, rra.at 1 ’ of slat chord
fraction of Flap nose la; gg a
wing chord Slot 8 chox Upper Lower
Upper Lower
Q [} o]

0.65 -0.0180 | ~memem | mmeeee .025 .060 -.023
.66 =.0175 }  emmemee | mmeee- .050 .083 -.027
.67 -.0169 .05 .097 -.025
.68 -.0145 .100 .105 -.023
.69 ~.0080 .150 2115 -.007
.70 .0160 0.00T75 0.0075 .200 .120 .012
(¢ > S .0210 ~.0020 .250 122 .03%0
LT .0280 .0260 -.0050 .300 .122 .046
T2 0375 .0350 -.0080 RiTee] .116 .070
i) o430 .0k15 -.0115 .500 .105 .080

o470 L0465 -.0125 .600 .090 .07
(] 0500 0490 -.0125 700 073 .056
6 0520 0510 ————— . 800 055 .039
17 0530 0520 | —e-m-- . 900 <035 .020
78 0535 0525 | eewee- 1.000 .03 [¢]
19 0535 .0525

0530 0520 | emeee-
81 0531 .0515 —_—
82 | eemee—- L0505 | —mmm--
8 ] eemeea- oTYC R S




Figure l.- Conventions used to define positive sense of forces, moments, and angles.
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unswept 8 | t 3 Wing:
3‘ N Area (semispan). sq 550
T v " &=/8i2 g J Aspect ratio 4.89
| ' /8.5 n Taper ratio 080
"l‘ Section NACA 4415
~ ‘
L Horizontal fail:
. R LA Area Gemispan) sq ft 165
™~ Aspect ratio 485
e L e S
/3. eclion
So 600 i
=27/ - Propellers:
Disk orealeach)sg ft 314
.S‘olidff)’fvg(achj o007
Sectioh Clark y
—9.2 269— Number of bfedes 3
]:IEE
Q
3 3
T N
& }
3 8
! 3
8 j
| N r
99,00 6300

Figure 2.- Drawing of model.

All dimensions are in inches.

2T

gT6¢ NI VOVN




:-!"III i

R NI |‘“
.51

RN 111 T uu' i L

——

tunnel.

I'\\

T g

g ow

s
>

L-91043
Figure 3.~ Photograph of the model installed on the ceiling of the Langley 300 MPH 7~ by 10-foot

a = 4o°.

gT6¢ NI VOVH

¢T



1k

16./

~———4.62

267
/ -~
S _

NACA TN 3918

120

S7at bracket
(removed for stat
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Flaps neutral
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Flaps deflected

Figure 4.~ Details of the end plate.




NACA TN 3918 15

=10 Ty

1y |

-8
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4 © /n tunnel/

-

O
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0

A |
i .

-80 -60 -40 -20 g 20 40 60 80 100 120
e, deg

Figure 5.- Effect of tunnel-wall constraint on aerodynamic characteris-
tics at zero forward speed.
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8f,30’
. o daeg
/ o 20

o 40
A 60

30

25

1.5

CL /-0 Il : I

-
-

-
e

-10
<40 -20 o 20 40 60

a,deg

() Lift-coefficient.

Figure 6.- Effect of-flap deflection. Sf’5o = 09; propellers and nacelles
off; slat off; stebilizer off.
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é\f, 30,

o 20
o 40
A 60
-/0 : r
-8 =
- -'6 I
CX y, ires
-4 b 4 | 'l
-2 SN P
%, =2t
-40 20 0 20 40 60
a,deg

- (b) Longitudinal-force coefficient.

Figure 6.- Continued.
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Sf 30,
deg
o 0
/—Q 0 20
o 40

ST ' A 60

-40 -20 o 20 40 60
a,deg
(c) Pitching-moment coefficient.

Figure 6.- Continued.
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~> 8,30

20
40

3.0

) | F_._
><o OO0

43

2.5.' . gaax

20t 2

3\
A,
»)

15 paaRaEE :

i
= Ny

¥V

O -2 -4 -6 -8  -lO
Cx

(4) Veriation of Cp with Cy.

Figure 6.- Concluded.
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Sf,Jo’
deg
o 0
{ n 20
35 ¢ 40
A 60
30 =
25
20
G 5 :
/0 , T/isEae <
) F HH
0 7|
-5
-60 -40 20 0 20 40

a,deg

{a) Lift coefficient.

Figure 7.- Effect of flap deflection. 5f,50 = 500; sBlatoff; stabllizer

off; propellers and nacelles off.
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. SFf, 30
deg
0

20
40
60

L
o
PO DO

b
-

-t

<

Ox 8 Vi ,. 1

-60 -40 -Z20 o 20 40 .
a,deg

(b) Longitudinsl-force coefficient.

Figure T.- Continued.
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Sf, 30,
deg
. o

o
{ n 20
3 o 40
A 60
2
/ .
Cm O _
-/ 5
-2 s 2

-60 -40 -20 o 20 40
a,deg

(¢) Pitching-moment coefficients

Figure 7.- Continued.
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q 8’;309
o 20
o 40
&5 A 60
20
HA
1.5 : s
G O A :
55
7] s
-.5
2 o =2 -4 -6 -& -0 -2 -/4 -6
Cx

(d) Veriation of Cj, with Cx-

Figure T7.- Concluded.
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3¢ 505
deg
o 0
o 30
25 o 50
20
.5 , o
¢ O AENERE |
5 '3
O P

5 P

-40 -20 o 20 40 60
a,deg

(a) Lift coefficient.

Figure 8.~ Effect of flap deflection. 5:‘.‘,_30 = o° 3 propellers and nacelles
' off; slat-off; stabilizer off.
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-/0
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. Gx -6 . s y
-4 A4 1
-2 meaE ot
9, H
40 = -20 o 20 40

a,deg

(b) Longitudinal-force coefficient.

Figure 8.- Continued.
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26
af, 50° .
deg

o O
o 30
o 50

3

2 "

Cm A

0 v '

-'/ 7 f

-2

40 -20 0 20 40

e, deg

(¢) Pitching-moment coefficient.

Figure 8.- Continued.
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(@) Variation of C; with Cx.

Figure 8.- Concluded.
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Z o Slat off

o Sl/at on

30

25

20 : m H

-5 - +
60 -40 -20 O 20 40

a,deg

() Lift coefficient.

Figure 9.- Effect of slat. Bp sq = 50%; 8¢ 30 = 40°; stabilizer off;

propellers and nacelles off.
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Va

{ o Slat off
o S/lat on

_/.6' -

74

-14

-60 -40 -20 o 20 40
a, deg

(b) Longitudinal-force coefficient.

Flgure 9.- Continued.
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q‘ o Slat off

o Slat on

-

-60 -40 -20 o 20 40
a,deg

(c) Pitching-moment coefficient.

Figure 9.~ Continued.
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© Sl/at off

mhE]

T
[~ -

[ 10
o
|t

25

20F

10

¢

-5

-l2 -l4 -16 -8

=10

Cx

(d) variation of Cp with Cyx.

Figure 9.- Concluded.
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o

Tc, nom
a 0
o 24
A 49
A .69
n 90
20
15 7
10 ARSI RN
¢ : NSRGES f \
5 ) :
o : REEEER
-5 s
-10 i
-40 =20 0 20 40 60 &0 /100 120

a, deg

(a) Liftcoefficient.

= 0%. - 0%. .
Figure 10.- Effect of slipstream. 8f;50 = 0%; 5f,50 = 073 slat off; sta-
bilizer off. -
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(b) Longitudinal-force coefficient.

. Figure 10.- Continued.
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TC,ﬂam
o O
o 24
A 49
A 69
b .90
4
3E :
2 ri : 3 =-=; SamEEE “{: : n
./ A 5 \\
cmu : ‘
0 ——-\
_'/ : rifl .
-2 /
-3
-40 -20 o 20 40 60 &0 100 120
a,deg

(¢) Pitching-moment coefficient.

Figure 10.- Continued.
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o 24
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47
8
vl Fisi === ==
6
72‘” == =
4
.2 N 4 74 = 4 =4 >
0 = ]
2 _
40 -20 o 20 40 60 &0 00 120
a, deg

(d) Thrust coefficient.

Figure 10.- Continued.



36

T

pu )

T
1
11

1T

TTTIT

-/8

H ETR
HH . R H
FH 2 gt N wiiidik:
-+ 1 g S E
szttt 9
gl Eepriksifeatess g
H+ H Sy H [FF M
”.. “ ot B s 3 HH |- R HE R N o
] [HH i H.
H HH HH i
H -
i T HHHAEEH Q
SR T a=kez HHRL
HEE i) .n.. I ..-. ﬁ
HHHH T FH T FR R
sditid) 12 A HH PHHTTH
“ i AN ©
: ; L HEHET il
crHH MiEagitd v
A H FHH e A
M TR T sagegnnalippinkil:
pEscnd m, b ] FHHH ] |LJ H
LR P4 5 R T
Emay H EF H i T o
H siaEly
padaazis AR TRARE Shad)ak s
- a 3 H—.- +HH- +
_ HE G ot
T e sanak || M |||.)., HHEH H
lyinsds H H1HHTH

L i k it 11
m=zeg=san HH 3 HH -
2 4 . - BH1EITH H

H H ] mipflgan 1
T TR u SEREAREFEIERRRESEE tH1 H
G H AT HH
EHER Hr] FLEE RS H
r H = ] F
et k TR T - HH T
-H M1t H
—.lm um 5
FHH H TF : H
u s u TR .
HEHTH KFddkiyspkhn .
]
- 3 2 1] -1 [ mEmE
i+ ol 4
SnhNEEEEn ] E
HHHHT i Q
] ZN 0 H

20T

o

-20

-25
12

NACA TN 3918

Cy”

Figure 10.- Concluded.

(e) Veriation of O witk Cx".



NACA TN 3918 - 37

72‘, ﬂgm”
o 20
/ & 48
A 68
A 89
, n .94
30
25
20 Apace
15 : == = -HH
- Il ll - h! I\—— t i i7 E d}
GL /0 X l’_ 2 e T T A
.5 I‘ N Eb_l— ik
0 sioe :
) § .-( N ]
- 5 7L_ f
1 -?-‘
-/0 ] ' . T . s
-60 -40 -20 0 20 40 60 &80 00 120
e, deg

(a) 1ift coefficient.

Figure 11.- Effect of slipstream. &g 5o = o°; 8z 30 = 10°; slat off;
stabilizer off.



38

NACA TN 3918

72‘,/70/»”
a 20
& 48
A 68
n .89
b .94
~46 Ssnzasmesssisaey
-1 H
HH
L2 HE h
-10 FHH
PR
-8 H _'
-6 ke
- A Zai
¢t -2 FAEEL TR i
0 == _F_ i H H
;s s
2
4 FHEEAEHE i
& £
8. T
L0 H o
1.2

60 40 -20 0 20 40 60 &0
a, deg

(b) Longitudinal-force coefficient.

Figure 1l.- Continued. —

100 20



NACA TN 3918 39

/”

C;nam
o .20
/7 & 48
& 68
N 8P
nh .94
.3
-
2 7 0 ws; % ians =
A ' : :
” 0 EE
Cm ! ERS NN
-/ :
.2 iaries
‘.3 =R J
-4
-60 -40 -20 (o] 20 40 60 80 00 120
a,deg

(¢) Pitching-moment coefficient.

Figure 11.- Continued.



NACA TN 3918

"

Te,nom
a .20
/ o 48
A 68
h .89
h 94
/-0 1 TTTT 1L Il{ llll
; : X : Iy
&
12}
P e P
4
_2 : - - =3 o = =
0 -+
-60 -40 20 0 0 40 60 &0 00 120
a,deg

(d) Thrust coefficient.

Flgure 1l.- Continued.



BF

NACA TN 3918

,h0m

7c

===

1
T

| LAY
1

g X g 1
H P TR +

SRS TR RER -1 1
T ]
Ly ik

b - 1) et £ | 4 b L 't 44
L
OTH 1H nJak ] YHHS =
O ko FES R AR AN SR 0 AR n T RN Hee
: 3 st Azl amm HH
2 i HHT A CH HHS 'TH
1
b § 1t
JHH H 1 |- - o
u RSN A = T
L] 1 bt 11 [l |
N
HHH A RS R H
“ H
HE Hith Y
AT, 3 F 4 r J
HHH HHHH HH LA V!
L H " .-
a1
un
I . 1 SEHHHA
L u 44
: d ; -
myu dunduk He 2 ]
B 1. ! |-.-ﬂlnl T H+
1 ] ur. 3
H H ] g n i
[ T \“ o - agum [
- o= v, - WyuNun 13
T I H y I 1 wi
X H PR -+ o
PN FH
Vi
- N (11 - .ﬁ I_llh
] | AR
: HH HHH
] A H HAH :w '
I T L
[T S g 7. J .
i =K 1 iyl g
nnpgnn/ N
- g HA .
3 ol

X
LY
T
1
i
1

T
h %,

|-.._,-£.-| .
M I3y T [ spAduEs
M e EET p== THEH

M FE R H A CHE H1

Thel O] SIETTEEHT R AT R 11

YN EEN ...? FRH 4 A 1

)
5
.0

A0 12 -4 -16

-8

o

12

cr”

(e) Variation of Cp" with Cy'.

b1

Figure 11.- Concluded.



o : : — © NACA TN 3918

E,mmm’
o 48
a .67
N .88
nh g2
25
20 :k
L5 A | REAR H
L0 / e T o 3 TR
CL” 1 ' X )
5 » T
HEH T
o , i
ua
R it
s .
0 4rE :
-80 -60 -40 -20 o 20 40 60 80 100 120

a,deg

(a) Lift coefficienmt.
Figure 12.- Effect of slipstream. 8,50 = 50°; &r,30 = hOO; slat off; &, = 10°



NACA TN 34918 ' L3

74-‘,170/77”
o .48
A 67
N .88
h g2
L0 2
NI
-8 y
-6 z
-4 gHr 2 / ;
Cx” e A
-2 man A
0 £z
2 . e - PR
,4 Y
.6
B
-80 -60 -40 20 7] 20 40 60 &0 00 120
a,deg

(b) Longitudinal-force coefficient.

Figure 12.~ Continued.



L

NACA TN 3918
Te,nom”
O 48
& 67
N .88
n .92
3
2 -
HHH T
H Sl : S
0:::: - f T ) I‘ 3z T
P H : v ] L.\.,_...
o/ e ; 1
-2 B : : 5
-3 X HAHHHA
-4
o .-,4..)
-5
-6 '
-80 -60 -40 20 0 20 40 60 &80 00 120

a ,deg
(¢) Pitching-moment coefficient.

Figure 12,-~ Continued.



D)

/0

a,deg

(d) T™rust coefficient.

Figure 12.- Continued.

Te,nom”

& 48

A 67

h .88

n 92
/ ANGsiNEREEENNNRRNEE S e mmr 1 sEsil
0 -60 -40 -20 0 20 40 60 80 oo 120

gI6g NI VOVN

o




NACA TN 3918

L6

”

ﬂhnam
¢ 48
A 67
n B8
n .92

4]

AT

I

i

P R
"

T

]

-£2

-1.0

a

Cx

with Cx".

(e) Variation of op'

Flgure 12.- Concluded.



NACA TN 3918

L7

o c,nom
47
66
86
92

pwboO

30

28

20

15

GLII / o

-60 -490 20 o 20 40 60 &0 oo (20
a,deg

(a) Lift coefficient.

Figure 13.~ Effect of slipstream. Sf’5o = 50°; 5f,50 = 400; 8g = 09; &, = 10°.



NACA ™ 3918

—_— Te,nom”
o 47
A 66
N 86
n 92
R ot
-2 T
10" gpEiiicastoeels
-8 H i siicdil
-6 I ; : g at
-2 xn
£ sEiqpisias
(9] ysn
B HHTHHH
2 H
b 7 o ]
.4 -
6 = H
K4
O H
T80 -60 -40 -20 o 20 40 &0 &0 00 120

a,deg

(v) Longitudinel-force coefficient.

Figure 13.- Continued.



TF NACA TN 3918 b9

”

nom

47
66
.86
92

- ,

reveod

>

N

RN

11
1T

&

K]
(V)]

-80 -60 -40 -20 o 20 40 60 80 100 120
a,deg

(e) Pitching-moment coefficient.

Figure 13.- Continued.



50 . . .. .. NACA TN 3918

—_— 7;:,nom”
o 47
& .66
h .86
n .92
10 3 £ T T
Ly nw== i : =-:=-hll w |: > HH--
¥4 s
T.cn 6 . : +
4 HHH
;iEg
2 1
o
-80 -60 -40 -20 o 20 40 &0 80 100 120
e, deg

(d) Thrust coefficient.

Figure 13.- Continued.



Ehnww
$ 47
A 66
n 86
n 92

NACA ™Y 3918

C + .|l
THHH-r L .-
R i
HEEHT : H
HrHHF N :
i A i1
mhw u -
1] uy
u N T .-T._ d 11
. H - 2] H
L | +-4
- A 13 HH
F, -
P [
1 } ] MK 8
b S i ] iy m
ax A : +
i3 1 -
ek Hr F hny
Fi
A LY ES
. G = o
+ 1 ]
U—.n TF:
0
4 W fi T
mEEK uf “ jﬂ. -._ L
Agan Rl ) 11
1 o i
13
N 1) b
h 1
1

T

- .Ii._| "] ] |
: I
- ’a
WAl ng XN
- Hi - i1l
- T
* tr I
L HaE M onuagreaiky v
T AN |d...._ ]
. 17 x
A+ HHI
maw Hi b u m
o Th I 1] a FHHETTN
Wt R B Emnm 1 niung mx. il
|—.-| ._ —l 3 - Y =t
YO 5" a
dusalifea k ol ny
1
1 H
T ey HN R I rL o
3 L - FH B Ny ] .\ ] 1 -]
F -
o iang 3 1
i ks Ht papnl T 1
5 L 1 1 ] L

3.0

-[0

-2 -4

-10

51

(e) Veriation of Cr" with Cy".

Figure 13.- Concluded.



52 ' NACA TN %918

7, nom
—
& 4947
A 66
N 86
n .90
35
30 H
\ -__;h ]
25 = l‘ aany ’{
20
) oy b::FE#:
15 T
CLII : Fi - u Sax : - -: ...
/ 0 K S P ;-_
. ‘ X ] =St A :fg
5 / = £
0 17 HHH
.5 5 o
-0 Al r . HH
-80 -60 -40 20 0 20 40 60 &0 100 120
a,deg

(a) Lift coefficient.

Figure lh.- Effect of slipstream. &g 59 = 50°; 8f 30 = 40°; 85 = 10°;
stabllizer off.



Cx”

NACA TN 3918 53
- 7e,nom”

o 47
A 66
N .86
n .90

-[&

=10 H H

4 i \

-8 a : .

-6 B L &

4 f 7 A 1 = o

-4 i

-2 -

o i

2 v

'4 T

6 NEaE HHH

g

~-80 -60 -40 =20 o 20 40 60 &0 100 120

a,deg

(b) ILongitudinal-force coefficilent.

Figure 14.- Continued.



5k

- : NACA TN 3918
7- 7”
— c,nom N
S 47
A 66
n .86
n .90
.6 EIE T -
5 = T
.4 7 ﬁ iasasE n Eae -_-4
ri —_D_F:
g - . .ja
Z , EiiiiD ‘
" _{ .’t .
/ s sy
rim 11 _:‘::3—_ -
Cm" # T
0 3 -
"-/ ) ‘F 111 g
=2 ; 7
-3 B ¥
Ry !
-4 ' :
-5k -
-80 -60 -40 20 (7] 20 40 60 80 /00 120

a, deg

(e) Pitching-moment coefficient.

Pigure 1L4.- Continued. .



”

] c,nom
o 47
A 66
86
Q b .90
la N i‘ll H ]'J_Jr
8
3
4
2
0
-80 -60 -40 -20 o 20 40 60 ac 00

a,deg

() Thrust coefficient.

Figure 14.- Continued.

120

QIEE NI VOVN

4




NACA TN 3518

56

s TITTE T

TTELY

I v

RN +E4 M e

with Cy¢".

iation of Cp"

(e) Var

Figure 1lh+- Concluded.



8F NACA TN 3918

e, nom

46
.65
-
.9/

pvb>o

o7

325

30

15 Fr

AN HI

N

10 : : .

(WA

"0 -60 -40 -20 O 20 40 60 80
a,deg

(a) Lift coefficient.

B = 0°.

100

120

Figure 15.- Effect of slipstream. Sf,5o = ho°; 6f}50 = 50°; g = 100;



58

- NACA TN 3918

Drb>O
W
Y

IS ENANE N

Ri% q [ A
N
it | TPTITTL
| T n
-8 7 2 : s2agiizicey
} o
X mims T
7
3
K ot
A - a
H
-6 ) ; .
7 rA T PN EA
i i T L]
1
rAmyi \ o n
Vi 1 1
-4 k ; T T
4 ==
=y o 1]
-2 : .
x 44 n
L)
I
Y i
0 X
) ’ I
| X
I \
: ri
\ AV # ] ]
2 H
B W N
A\ A
4 Hi
HH L1 b
\
T = -
6 F )
i T
s d
T . -
1

-40 -20 o 20 40 60 80 100 120
a, deg

(v) Longitudinal-force coefficient.

Figure 15.- Continued.



NACA TN 3918

Ny 72‘,nom”
o 46
A 65
8 86
n .9/
7 Faz
.6 ;
aapran
-5 ¥ FEH \IrI i
p : A
3 I / '
£ 7 i S
J 3 : R
zRRrTas =5 %
0 &5 A= i :
-/ L)
-2 Y g
-3
-4 H
-5 ssiscid
-6 H =.=
-80 -60 -40 -20 o 20 40 60 80 00 120

a,deg
(¢) Pitching-moment coefficilent.

Flgure 15.- Continued.

29



60 NACA TN 3918
- cﬁmmm”
O .46
A 65
N .86
.9/
1o SPysSEEssmasscaasmcoasames SEesEEnszzneas: -
; P =y =2 2k
8 ]
Tc” : _:-
6 H -
4
2 H
s,
-80 -60 -40 -20 0 20 40 60 80 00 120

a,a@g

(&) Thrust coeffictent.

Figure 15.- Continued.



61

NACA TN 3918

Tz‘,nam
O 46
A 65
A B6
n .9/

T T n ) 1T iy
1T 1 LI ) T
R jetsisisinls
T 1} l | ]
1 E T
al Fore T R ) Sonicie 2N
: R e S
I T T
T -“ 1]
i e : il
[ " b= oy EEACAR ;
1 1 ! R b
I et i a0 7s e FEE
1 1 t
AN A AU
NN T i
o N oA AREEhn |
i i S EH
a n B, LI Ll 1 Y 13 i|
[ T\ mm T i
@ o 1 !
- q T i1 H
Ly AN Limn
aw H TR
1 |nnuzm
W)
m 1 1
1 1
T 1 '} N ¢
b 44 f e - T
[ N %
LI x 1
] ¥ I
3. i h
13 ) Tl
x 1 u
H : Y
g FER e R P A e T fess
AL H 4 . 0
' |
s NN zas
T n| RN
| Y
SRR - N oL
A ]
R
1 5

35

30

25

20

{5

10
5
o
5

-1.0

CLII

-5

cx"

(e) Variation of CL" with Cx".

Figure 15.- Concluded.



NACA TN 3918

62
—_ cinww”
o 46
A 66
N .86
n .90
35 T
30 R £
25 ,ﬁ‘ 11X
20 ;i 2 H
/.5 o 8 : HIHI
a’ 12 o Haaiecniil
10 74 EEE = T
5 o ' P AT
0 'l - _:_L/N-._._;_ .
-5 H _“?
, S
-/ O4&H ]
15
-80 -60 -40 =20 o 20 40 60 80 100 120
a,deg

Figure 16.- Effect. of

(a) Lift coefficient.

o]
slipstream. 8f,50 = kO°5 5f,50 = 5005 8 = 107;
&, = 10°.



NACA TN 3918

Lo
A
1N
D

63

"
7c-‘, nom

46
.66
.86
90

HitHt T
a
-lz -4
H 3
_lo a 1] r— RMRE F HHH i 1
HFEHH s
]
8 s, wadh
- ] = et O
T - e 'L
¥ s
FH :
-6 BEY & : : T
anpaaigh
i ] H
-4 - o 2
X H B/ HH an &k
(Wa
na X 7 ’ :; 111 u
" w X H 3 HH
Cx -2 \ HH ¥ wald 13
" - / safn ] HHHH
1 H : | } I R HET :_'“
o A A T mamay
¥ *_éﬁ syaEsaiEls T
. ; Lt I gkngniy 15351 TH
2 had nxdd]
Py AR RN o
4 HH HHH
ums ; 4
]
AP T
6 I
i
gk i

~80

-60

-40 20 0 20 40 60
e, deg

(v) Longitudinel-force coefficient.

Flgure 16.- Continued.

00

120



6k

cm "

NACA TN 3918

7- H
—_ c,nom
& .46
& 66
N .86
n .90
HHH HHTITHE
- u g2y
-] 1
T
\ T HH
'l A | x
yi l‘ '-
£ EE T
r ¥ 1 11
. . u malfhndaldnfn
173
| AN 1
1 L33
1 4| L
Himfa Y 11711 1
]! L4 4. B
f 1 T Fh B
] seilh
< NI
. ] i B \..
¥ 11 iy
r | LY _'-"‘_‘ --1-_——
2 J
rim Ut
"' N :E;- _' j
- T
e ua LTI
SEsEges 5 I
Y.
7 A smadd E
THTH
6)
Ll
1
"“Tr“

-60

.-40 -20 o 20 40 60 80 00 120
a,dag

(c) Pitching-moment coefficient.

Figure 16.- Continued.



IF

NACA TNV 3918 65
_— z%naﬂ7”
o 46
A 66
N .86
Q n .90
o = 2 T at TR maua
S s = --'h == = - = i
8
B Eiesus=EEEN RGN awnaeaaN Smnes I SEEyNESTuNEEERuEE
73 6
4
2
s,
8O -60 -40 -20 o 20 40 60 80 /00 120

a,deg

- (&) Thrust coefficient.

Figure 16.-~ Continued.



NACA TN 3918

66

&~

7e,nom
o 46

.66
N .86
n .90

A

*
oy ~
HriTH N
5
Q
~
A ]
2
; ® h
: (&}
: o g 9
v g
5 ks
S W = &}
! > O [ @]
& '
T ﬁm /hw
N =
o
5 o
i ]
2o Q
T A
o
&
D N —
v
T ~
H v
©
[ Q
0 .
N



NACA TN 3918 67

»
Tz,nom

24
49
.69
90

pvbo

JransC

A

jaiat

24 : T

1

20

.'I6 wi

12 : 1

L1

LT

08 :

I

mEEE

T

-40 -20 Q 20 40 €0 80 100 120
e, deg

(a) Thrust coefficient. Outboard propeller.

— 0OC- = 09. .
Figure 17.- Propeller characteristics. Sf,50 = 0-; sf,SO = OY; slat off;
stabilizer off.



NACA TN 3918

Te, nam'
o .24
A 49
n .69
n .90

L

Tt
1]
T
T
s
T

1)

NS
T

44 tH

SO ¥

.36

T
RGN

{2

J&

(:7.,, 28

T

24 _ SITEyuee (Assyposspaaananney

LHH LJJHHH
a 11 H u

1. - HH

” sgfaen
Ty ! kdggfhuni

N

E

42 H

.08 dpgseats o

3

04

I

LI
T

-40 -20 o 20 40 60 80 00 /20
a,dsg

(b) Thrust coefficient. Inboard propeller.

Figure 17.- Continued.



NACA TN 3918 69

/7

Te, nom
o 24
A 49
N .69
D 90
24 -
20 e
16 X
Cp’a ./2 (l L ol S
.08
04 : : 5
0 e P A PP _
-40 -20 0 20 40 60 80 00 20
a,deg

(¢) Power coefficient. Outboard propelier.

Figure 17.- Continued.



70 NACA TN 3918

I

7;:,Inom
o .24
A 49
A 69
n 90
32
28 ' T
i EEE e
24 : T N
’ Eoiag
20 ]
Cp; 16 : x
N
08 i
04 = .
- Bl ] T .l T == T . i s O EE:F-EE:EF‘
0 EEEEESEEEE AR EREEEN NN ENENR SRR EEER e RN
-40 -20 20 40 60 &80 100 120
a,deg

(d) Power coefficient. Inboard propeller.

Figure 17.~ Continued.



NACA TN 3918

15|

A

'72‘, nom”
24
49

.69
S0

Hove bo

14

-40 -20 o, g0 40 60 80 100 a0
a,deg

(e) Variation of V/nD with «.

Figure 17.- Concluded.



12 : o _ NACA TN 3918

72‘,”001” ﬂ - &
a O /8
o 24 /8
A& 49 /8
[ -1 7
b .90 7
08
06
04 g 4
C‘N'pwI 1 H :
oe T I
i e
o s
_02 I
1y .
~O4
-
04 P
Amn 1)': H |
.02 H
Cm,p" i e
m,p 0 i =
.02
-.04

06 s
9 <40 -20 o 20 40 60 80 100 120
a,deg

Figure 18.- Propeller normal-force and pitching-moment characteristics.
Inboard propeller; 8,30 =-O°; 6f;50~= 0°; slat off; stabilizer off. .

NACA - Langley Fleld, Va.



